Most proclamations about another wonder breakthrough and another imminent miracle treatment of ageing are usually overhyped claims and empty promises. It is not that the experimental science behind those claims is totally wrong or fake. But it is often a case of being ahistorical and ignoring the cumulated knowledge and understanding of the evolutionary and biological principles of ageing and longevity. Furthermore, remaining stuck to the body-as-a-machine viewpoint reduces ageing and its associated health challenges to a mere problem of engineering and design. However, highly dynamic nature of the living systems with properties of interaction, interdependence, tolerance, adaptation and constant remodelling requires wholistic and interactive modes of understanding and maintaining health. The physiological relevance and significance of progressively accumulating molecular damage remains to be fully understood. As for ageing interventions, the three pillars of health-food, physical activity, and social and mental engagement-which actually show health-promoting effect, cannot simply be reduced to a single or a limited number of molecular targets with hopes of creating an exercise pill, a fasting pill, a happiness pill and so on. If we want to increase the credibility and socio-political-economic support of ageing research and interventions, we need to resist the temptation to overhype the claims or to make far-fetched promises, which undermine the theoretical and practical significance of new discoveries in biogerontology.
Introduction
The mainstream and the social media proclaim, almost on a daily basis, another breakthrough, another allencompassing solution or another imminent treatment of ageing. However, when one makes a deeper analysis of those claims, by actually reading any published papers behind those stories, it is almost always a case of overhyped claims and empty promises. Often the scientists involved in those studies also go along with those claims either by adding actively to the hype or by remaining silent about the exaggeration. There are several reasons for this, including the socio-economic-political pressure of gaining visibility and publicity for future funds and jobs. However, such hyped claims and empty promises can and do backfire, and lead to creating confusion, and losing credibility and trustworthiness of ageing research and ageing researchers in the minds of the general public and the decision makers (Holliday 2009; Le Bourg 2013) .
Recapitulating the science of ageing
Biogerontology gained its scientific repute by the start of the twenty-first century, when evolutionary, physiological, biochemical and molecular description and understanding of the phenomenon and the phenotype of ageing converged, and were declared as the resolution of the so-called unresolved problem in biology (Holliday 2006; Hayflick 2007) . It did not mean that no further unravelling of the descriptive and mechanistic aspects of ageing was required, and that all biological problems associated with old age were solved. Holliday's and Hayflick's declaration primarily drew our attention to the great achievement of modern biogerontology that a strong foundation and a framework for understanding ageing has been developed, which could be the basis for further research, especially with respect to developing ageing interventions for humans (Holliday 2000; Rattan 2000; Rattan 2012) . In this context, it became a generally agreed viewpoint that biological ageing is a progressive loss of physical function and fitness, which is best manifested during the extended period of survival beyond the so-called natural ''essential lifespan'' of a species (Rattan 2000; Carnes 2011; Carnes and Witten 2014) . Furthermore, in very general terms, the occurrence and progressive accumulation of molecular damage came to be considered as the underlying cause for almost all hallmarks of ageing (Rattan 2008; Lopez-Otin et al. 2013) .
The above biogerontological understanding is rooted in the description of age-related changes at all levels from the species to populations, individuals, systems, organs, tissues, cells and molecules. Such a highly successful reductionistic description has also identified, and continues to identify, numerous genes, gene products and pathways associated with ageing, age-related diseases and lifespan. Some of those, for example telomeres, mTOR, DNA methylation, advanced glycation end-products (AGE) and others are pointed out in Fig. 1 (upper part) . Hundreds more can, and will, be added to such an associativedescription of various pathways, processes, metabolites and molecules with one or more phenotypes of ageing. In almost all these cases this association is from top downwards in a reductionistic manner, with little or no surety of being able to go upwards again to explain and modulate ageing in physiological terms. For example, telomere loss surely happens with ageing, age-related diseases, physical and mental stress, and several other conditions (Boccardi and Boccardi 2019) . Whether increasing the length of telomeres by this or that compound can be shown to eliminate or alleviate the causative condition is the challenge for research, interventions, claims and promises emerge. This is also applicable to almost all other so-called biomarkers of ageing (Moskalev 2019) .
What is often forgotten, or is ignored, is the fact that both the rate of progression of ageing and the observed age-related changes are highly heterogenous at all levels from species and individuals to cells to metabolites and molecules (Rattan 2006 (Rattan , 2008 Lowsky et al. 2014; Nanic et al. 2018) . At the genetic and molecular levels, both the species-specific ''private'' mechanisms and the pan-species ''public'' mechanisms of ageing exist (Martin 1997; Martin et al. 2007) ; and these set the practical boundaries for crossspecies extrapolation, especially to human beings. Although we do acknowledge and understand the limitations of all model systems used in ageing research (Jazwinski and Kim 2019), we often make hasty naive extrapolations, speculative jumps, claims and promises for humans.
What we also need to remember is that ageing research has shown that no tissue, organ or system becomes functionally exhausted even in very old organisms, and that it is the dynamic interaction and interdependence at all levels, which is the determinant of health and survival of an individual (Jazwinski and Kim 2019) . What makes living systems different from the inorganic and non-living systems is their intrinsic ability to respond, to counteract, and to adapt to the external and internal sources of disturbance (Luisi 1998; Huber 2015) . The traditional term to describe this ability is homeostasis, which is based in the ''body as a machine'' paradigm. Homeostasis and the machine paradigm do not take into account the dynamic nature of information-and interaction-networks that underlie the complexity of the biological systems (Nicholson 2019) . Instead, the term homeodynamics better encompasses the fact that, unlike machines, the internal conditions of biological systems are not permanently fixed, are not at equilibrium, and are under constant dynamic regulation and interaction among various levels of organization (Yates 1994; Nicholson 2019) .
The property of homeodynamics of the living systems is founded in a wide range of maintenance and repair processes. Hundreds of survival-assurance genes give rise to a ''homeodynamic space'', as the ultimate determinant of an individual's chance and ability to survive and maintain health (Rattan 2007 (Rattan , 2014 . Three main characteristics of homeodynamic space are stress responses, damage control and constant remodeling and adaptation. The biological characteristics of robustness and resilience emerge from the concept of homeodynamic space (Kitano 2004; Smirnova et al. 2015; Scheffer et al. 2018; Sholl and Rattan 2019) . These characteristics also help to understand the fact that age-related changes are not always detrimental and often such changes are the catalysts and signs of adaptation and remodeling (Munoz-Espin and Serrano 2014; Burkle et al. 2015; Franceschi et al. 2018; Cohen et al. 2019) . Ageing, thus, is the progressive shrinkage of the homeodynamic space and the failure of homeodynamics as a consequence of continued metabolism and survival (Rattan 2006 (Rattan , 2012 Blagosklonny 2018) . There is no idealized homeostatic state to be maintained or recovered.
Research questions for biogerontological research
The consequences of increased levels of molecular damage with age are wide ranging, and include altered gene expression, increased genomic instability, Fig. 1 Biogerontology: the science of understanding ageing and longevity has achieved remarkable success in reductionistically describing the phenomenon and phenotype of ageing at various levels of organization all the way down to macromolecules and metabolites (upper part). However, the challenge now is to go upward from one or more molecular targets to higher levels of biological organization (lower part) and to demonstrate that reattaining some earlier normal/young molecular state can also reverse ageing and alleviate age-related impairments at the physiological level increased mutations, induction of cellular senescence, impaired intercellular communication, tissue disorganization, physiological dysfunctions, and increased vulnerability to stress. But this is a kind of a highly generalised correlation. What remains to be fully understood is the relevance and significance of molecular and cellular heterogeneity that increases with age (Rattan 2008) .
Owing to the stochastic nature of occurrence of molecular damage, no two macromolecules become damaged in exactly the same way and to the same extent. Even the DNA of any two cells does not carry exactly the same damage or base-modification, including the epigenetic profile (Chen and Kerr 2019) . In the case of proteins, hundreds and thousands of protein molecules are translated from newly transcribed mRNAs, and all these molecules are equally prone to post-translational modifications and damage as a function of their dwell time; and very soon molecular heterogeneity emerges within a molecular population (Rattan 2008) . Such heterogeneity will give rise to a mixed population of a particular protein with alterations in structure and function ranging from being fully active to being totally inactive molecules. Age-related emergence of different subpopulation of proteins with altered biochemical characteristics, such as thermostability, catalytic activity and antigenicity is well known (Holliday 1986; Ori et al. 2015) .
Furthermore, among the thousands of types of proteins in a cell, some proteins may become preferentially damaged in a particular context. For example, among the 1000-2000 proteins inside the mitochondria, aconitase is preferentially oxidatively damaged (Yan et al. 1997; Das et al. 2001) . Some other proteins known to be more prone to oxidation include heat shock protein-70, protein elongation factors, glutamine synthetase, glutamate synthetase, vimentin and pyruvate kinase (Nyström 2002; Stadtman and Levine 2003; Hamelin et al. 2007; Kueper et al. 2007; Ahmed et al. 2010) .
The resulting increase in molecular heterogeneity and dysfunctionality has at least two major consequences:
(1) Interrupted networks: Biological macromolecules generally work in scale-free networks with some proteins having a large number of interacting partners and the others having a few partners (Barabasi and Bonabeau 2003; Barabasi and Oltvai 2004) . Increased molecular heterogeneity leads to interruptions which may first happen at the weak links followed by disorganization, congestion and collapse of strong links and high degree central hubs (Csermely 2006; Szalay et al. 2007; Tacutu et al. 2010 ).
(2) Illegitimate networks: Molecular heterogeneity leads to altered structure, function and stability of macromolecules, which can result in the formation of novel or illegitimate interactions, hubs and networks (Budovsky et al. 2007; Szalay et al. 2007; Tacutu et al. 2010) . Illegitimate networks can also lead to the activation, translocation and binding of transcription factors and other responsive elements resulting in the unwarranted gene expression, which was otherwise kept under strict regulation.
A major challenge in biological ageing research is to design experiments and to develop analytical methods for determining the consequences of interrupted and illegitimate networks. It is extremely important to determine the relevance and significance of different types and levels of molecular damage in physiological terms; and to establish the profiles of young versus old, and healthy versus unhealthy molecular networks (Demirovic and Rattan 2013; Rattan et al. 2018) . It is not enough just to measure and report the levels of this or that molecular damage in young and old systems without being able to define its functional relevance. Such studies are essential for establishing the biomarkers of health, remodelling and adaptation, and are crucial for developing effective ageing interventions.
Challenges and cautions for interventions
The lower part of Fig. 1 points to some of the molecular and metabolic targets which are often the basis for making hyped claims and empty promises. Various potential stimulators, inhibitors, stabilizers and removers of this or that molecule, metabolite, process or organelle tested in model systems fall under this category. The general logic behind such extrapolation is that since some biochemical marker is observed to decrease or increases with age, with an age-related disease or under physical and mental stress as a result of various lifestyle factors, modulating it by one or more natural or synthetic compounds will reverse the phenotype to a healthy state (Jager and Walter 2016; Libertini and Ferrara 2016) . For example, since b-amyloid plaques are reported to increase in patients with Alzheimer's disease (AD), the logic applied was that removing this ''culprit'' will eliminate this debilitating disease and make the patient healthy again (Creed and Milgram 2010) . However, several aborted clinical trials for the treatment of AD are a testimony to the failure of such approaches (Anderson et al. 2017) . Promising the success of the upward journey from a single ageing-marker as a target to the whole cell, tissue, system or body level phenotype is nothing more than sophistry. Ignoring or forgetting the reality of a living system as a homeodynamic system with the ability of tolerance, compensation and adaptation is a sure route to failure (Rattan 2007; Cohen et al. 2019; Nicholson 2019) .
In contrast to the single target-based interventions, those interventions that realistically have shown significant health-promoting, and possibly ageingand longevity-modulatory, effects are more or less wholistic. Physical exercise, dietary habits, sleep and social and mental engagement seem to be the pillars of good health and longer survival. Interventions based on these pillars of health have multiple, pleiotropic, amplified and cumulative effects. Although in each case changes in some molecular markers can be demonstrated, effectiveness of any of these wholistic interventions cannot be reduced to a single or even limited number of targets. For example, whole body health benefits achieved by repeated moderate exercise (Biernat and Piatkowska 2018) or by food restriction (Fontana and Partridge 2015) cannot be replicated by a targeted stimulation of stress proteins, sirtuins or any other molecular markers or processes associated with them. The same applies to the individual components of food, such as curcumin, resveratrol and other hundreds of polyphenols and flavonoids (Wood et al. 2004; Pallauf et al. 2016; Bielak-Zmijewska et al. 2019) . Such natural and synthetic compounds can be shown to have one or multiple targets of action at the molecular level, but most often they fail to provide physiological and health beneficial readouts in a realistic situation of being either an integral part of the food or when used as a food supplement, especially in the case of human beings (Vaiserman et al. 2016) .
Strengthening homeodynamics and maintaining the homeodynamic space can be the realistic goals for ageing interventions. One such wholistic interventionary approach is that of hormesis (Le Bourg and Rattan 2008; Rattan and Le Bourg 2014; Rattan and Kyriazis 2019) . Physiological hormesis in health maintenance and improvement is defined as the lifesupporting beneficial effects resulting from the cellular and organismic responses to repeated and transient exposure to mild stress or challenge (Calabrese et al. 2007) . Moderate physical exercise is the paradigm for stress-induced physiological hormesis (Radak and Le Bourg 2014 ). An important observation in studies of physiological hormesis is that a single stressor, such as heat, exercise or fasting can strengthen the overall homeodynamics and enhance other abilities, including adaptability, cognition, immune response, memory, resilience and robustness (Rattan and Demirovic 2010) . These systemic and wholistic effects are generally achieved by initiating a cascade of processes that result in a biological amplification of effects (Le Bourg and Rattan 2008; Rattan and Le Bourg 2014; Rattan and Kyriazis 2019) .
Obviously, for the sake of deeper and complete knowledge, it is important to work out the mechanistic details of interventions such as exercise, food composition, fasting and mental challenging. Trying to replace these wholistic interventions with single target-oriented intervention is naivete. The so-called exercise pills and calorie restriction mimetics come under that category, and are often cautioned against making hyped claims and empty promises (Vaiserman et al. 2016; de Magalhaes et al. 2017) . Interestingly, even some of the well-established drugs, which were originally developed as single target therapeutics, are now being tested, repurposed and used for their multiple and pleiotropic effects (De Haes et al. 2014; Mofidifar et al. 2018; Snell et al. 2018) .
Future biogerontology
Reliable scientific research on ageing is being done by hundreds of committed biogerontologists throughout the world. New discoveries with respect to the biological/mechanistic aspects of ageing, with the possibilities of future applications as ageing interventions for humans, are being made regularly. However, the rush and temptation to gain publicity and visibility-for whatever social, political, economic reasons-lead to making exaggerated and premature claims and promises. Such proclamations, followed by unfulfilled promises, do more damage than good to the reputation, credibility and sociopolitical support of the subject.
We surely need to continue our efforts to develop technical, medicinal and social approaches to improve life, including extended lifespan and health-span. Efforts are also being made to develop multi-target and wholistic approaches for actual physiological and health-promoting interventions. And, if we really want to increase the future public-support of ageing research and interventions, it is important that we resist the temptation to over-sell or overhype the theoretical and practical significance of excellent scientific discoveries being made by hard working biogerontologists.
